The poultry industry has a significant effect on national economy; it is a popular industry for the small holders with tremendous contribution to GDP and employment creation. Poultry feed cost represents over 70% of the total cost of egg and broiler production, consequently efficient feed formulation practice is required for a sustainable poultry industry. Many Nigerian poultry farmers, however, employ inefficient methods like rule of thumb, experiences, and intuition to handle feed formulation problem. The aim of this study was to develop an optimization feed formulation model, using locally available feed ingredients, for the Nigerian poultry industry. Relevant literature was consulted to gather information on the practices prevalent in the industry, nutrient contents and availability of feed ingredients and their prevalent market prices. The decision variables, objective function and problem constraints were defined and a mathematical model of the feed formulation problem was developed and parameterized using data from a typical commercial farm. Model solution and post-optimality analysis results were obtained and compared with existing practice of the case study farm. Thirteen (13) decision variables and fourteen (14) constraints were identified. The optimal solution of the linear programming model gives 9% reduction in feed formulation costs compared to the existing method on the farm. Post optimality analysis also gave useful insight into the impact of changes in costs of feed inputs. The model will be very useful in poultry farm management in Nigeria.
INTRODUCTION
The poultry has become a popular industry for the small holders with tremendous contribution to Nigeria GDP and employment opportunities creation (Adebayo and Adeola, 2005; Okonkwo and Akubo, 2001) . It is therefore important that poultry farming be carried out efficiently for high productivity and sustainability of the industry in Nigeria. It has been established that feeding constitutes over 70% of the total cost of egg and broiler production (Afolayan and Afolayan, 2008) which implies that efforts to increase poultry industry productivity should be directed towards improving feed formulation system. This paper seeks to apply mathematical optimization techniques to the feed formulation problem of the typical Nigerian poultry farm using locally available feed ingredients.
Some of the common techniques employed in feed formulation include The Pearson Square method, Linear Programming, Non Linear Programming, and Trial and Error method. The Person Square Method is a simple, well established and popular method of determining the correct proportions of two feed ingredients necessary to obtain a desired level of a particular nutrient. The method is most often used for protein. The method permits substitution of feed ingredients without disturbing the desired protein content of the diet. It is also used for some other nutrients like amino acids. Linear programming is the common method of Least Cost Feed Formulation which compares the nutrients required by the animal to the nutrients supplied by the available feed ingredients, and combines them to obtain a balanced diet at the least possible cost. Other quantitative techniques include genetic algorithm (Sahman et al, 2009 ), Multi-criteria modeling (Castrodeza et al, 2005) and Goal programming (Dogan et al, 2000) . However Trial and Error method is the most popular method of formulating rations for poultry in Nigeria. As the name implies, the formulation is manipulated until the nutrient requirements of the birds is arrived at.
Components of Poultry Diets: Poultry diets are made primarily from a mixture of several feedstuffs such as cereal grains, soybean meal, animal byproduct meals, fats, and vitamin and mineral premixes (Longe, 1984; Alimon and Hair-Bejo, 1995) . A poultry diet is expected to contain three essential nutrients of protein, vitamins, and minerals as well as provides adequate metabolizable energy (ME). Energy is very critical in poultry feed, in fact, the more the energy loaded in the ration, the less feed the birds would consume (Larbeir and Leclercq, 1994). The most easily available sources of energy are the carbohydrates contained in common grains, grain byproducts and plants generally. Most of the carbohydrate in poultry diets is provided by cereal grains. Suitable quantities of fat may be added to increase dietary energy concentrations and palatability.
Protein is essential in all animal life. Proteins make up a large part of the muscle, skin, beak, feathers, cartilage and internal organs of animals and are needed for growth, egg production, reproduction, production of antibodies to fight diseases, etc. The dietary requirement for protein is actually a requirement for amino acids. Specific amino acids must be provided in proper amounts and in some definite ratios to others. An undersupply of a single essential amino acid will inhibit the responses to those in adequate supply (Alimon and Hair-Bejo, 1995; Fanatico, 2010) . In any protein, the limiting amino acid is the one which is below the standard.
For poultry, methionine is usually the first limiting amino acid and lysine the second limiting amino acid.
Since protein is not stored in the body to any considerable extent, any protein consumed above the birds' requirement is oxidized for energy. However, since protein sources are expensive and uneconomic for energy provision protein levels are usually stated in precise terms to be closer to the minimum requirement than other nutrients. Protein sources can be of a plant origin such as soya and groundnut cake or of an animal origin, such as fish meal and blood meal. Some sources of minerals include Oyster shell and limestone which are both rich in calcium. Bonemeal is a very good source of both calcium and phosphorus amongst others. Common salt can satisfy the birds' sodium and chloride requirements. However trace mineral requirements are usually met by supplementation via the vitamin/mineral premix (Scheideler, 2009 ).
Expected nutrient requirements, recommended allowances and ultimately feed specifications are available from many sources like sets of tables published by the American National Research Council (NRC) in 1994. For this study we adopted data shown table 1 sourced from a guide by Moreson (1998) with regard to the production aim. Sensitivity Analysis: However, due to conditions such as unstable market prices, post optimality analysis is required to ascertain the effects and economic implications of the price changes on the formulation. While optimal solutions simply provide a best choice of decision variables for one fixing of the input parameters, sensitivity analysis then tries to complete the picture by studying how results would vary with change in parameter values (Arsham, 2009; Rardin ,1998 ). The constant parameters from which the optimum was derived such as costs, yields, availability and requirements are almost never known with certainty at the time the model is solved. The extent to which these mathematically optimal answers can be trusted to real life imperfectly parameterized models is questionable. For instance, it is a usual occurrence to have seasonal fluctuations in the price of feed ingredients. It is common for the market price of feed ingredients to rise during the rainy season and fall back during the dry season when there is an abundance of dry grains. Hence post optimality was carried out on the case study problem.
METHODOLOGY
The feed formulation model seeks the optimum combination of available feed ingredients that will satisfy the nutritional requirements of the animal at the least cost possible. The model has to satisfy a set of constraints on nutritional levels, availability restrictions, special ingredients to be included, budget or fund constraints. The generic mathematical model which is applicable to each type of ration using the available ingredients is constructed as follows. Su= set of restricted ingredients L k = lower limit of restricted feed ingredient k in the feed mix U k = upper limit of restricted feed ingredient k in the feed mix b k : proportion of restricted feed ingredient k in the total feed.
The Generic Model

Objective function
The objective of this LP model is to minimize total feed costs. The constraints of the model deal with limitation on the total feed quantity to be produced, nutritional requirements, and nutrients availability in feed ingredients. The following constraints apply to the feed formulation problem.
1. Feed must meet total demand quantity N for the planning period. 2. Feed must meet metabolizable energy (ME) and dietary requirement bi for each nutrient. The Layers mash feed formulation Problem: The generic feed formulation model can be adapted to suit any ration and its application demonstrated by layers mash feed ration, with nutrient requirement as indicated in table1. The model has been parameterized by the nutrients yields and costs of locally available feed ingredients summarized in Table 2 . 
The case study farm has the objective of mixing one ton of layers mash during each production cycle at minimum cost. Thirteen (13) decision variables respecting the quantities of feed ingredients are as described in table 3. 1 quantity of yellow maize X 2 quantity of sorghum X 3 quantity of soya bean X 4 quantity of groundnut cake X 5 quantity of palm kernel cake X 6 quantity of rice bran X 7 quantity of bone meal X 8 quantity of oyster X 9 quantity of salt X 10 quantity of lysine X 11 quantity of methionine X 12 quantity of premix X 13 quantity of enzyme
The summarized model is as stated Min Z = 54x 1 + 50x 2 +78x 3 +61x 4 +13x 5 +12x 6 +33x 7 +12x 8 +40x 9 +420x 10 +1140x 11 +980x 12 +3000x 13 St. 
RESULTS AND DISCUSSION
The resulting model for the case study farm was solved using a proprietary linear programming solver. The resulting optimal solution was compared with the existing practice on the farm as summarized in table 4. It can be observed that the dual or marginal prices of the surplus resources (fat, energy and salt) are zero. Which implies that there is no economic advantage in allocating more of that resource, while a unit increase in the other resources will lead to a corresponding increase in the objective value to the tune of the dual price. For instance, a unit increase in the total quantity of feed produced will increase the objective value by N41.23 within the stated range 347.76 ≤ RHS ≤ . However, it is important to note that the dual prices will remain applicable for simultaneous changes that keep the solution feasible, even if the changes violate the individual ranges (Taha, 2007) .
Note that outside the price ranges given for the objective function coefficients the optimal solution ceases to be valid. For maize, the range of objective coefficients within which the optimal solution remains valid is [44.18, 56.30], the optimal quantity for maize is 453.62kg, thus for every N1 increase in the objective function coefficient, there is a corresponding increase of N453.62 within this range. This interpretation applies to the other variables.
CONCLUSIONS
Controlling feed costs is critical to the sustainability of the Nigerian poultry Industry. This paper has demonstrated how the application of a linear programming approach to feed formulation will lead to higher productivity in this sector as opposed to the use of relatively inefficient methods such as the trial and error method. Approximately nine percent (9%) reduction in costs were made with the implementation of the new method.
This model has been adapted to the Nigerian environment taking into account the locally available feed ingredients and improving on the existing methods prevalent in the Nigerian poultry industry.
The general model can be extended to tackle other types of feed formulation, although this study has focused on layer's mash, the model can easily be adapted to suit other types of rations.
Lastly, this study has illustrated the use of sensitivity analysis, a powerful and versatile tool for analyzing the impact of the changes in parameters that is indicative of problematic conditions such as unstable market prices and nutrient variations prevalent in the Nigerian poultry industry. However, with increasing interest in quality assurance procedures, it is envisaged that the problem of nutrient variability will receive a considerable amount of attention in the very near future.
